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The present invention is drawn to compositions 
and aethods for selectively killing neoplastic cells. 
Altered viruses are utilized which are capable of 
replication in neoplastic cells while sparing 
surrounding norinal tissue. 
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jffiOIATED DESTRUCTION OF HEOPLASTIC CELLS 



Ttiis invention 
cells using viruses 



relates to treatment of neoplastic 



T^^^^und of TTie TTlY^^n^jgn 

cancer is a disease of Lig^ly evolved multi- 
cellular organisms. The disease is best defined oy 
the four Characteristics whici. describe how cancer 
cells act differently from their normal councerp^r^- 
First, in moot cases, cancer originates from a single 
cell Which proUf-ates to form a clone of m.i'.nant 
cells, second, cancer cells grow autonomously and are 
not properly regulated by .he no^l biochemical and 
physical influences in the cells environment. Third 
cancer cells are anaplastic which is 

^ cell differentiation. Fourth, 

normal coordinated ceiJ. 

^o«th an. dis.e.in.tion .o otner P^^s vhxch 

called metastasis. , „^„cv 

ar. use. .„«.=.an,e...V. -e .e^ 
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humans (See M«ndelsohn, J., in Harrison's Pripcipl^^ 
^f^ TT.i.ei-nal Mcdicir. g, ed. Braunwald et__ai^, 1987, 
McGrav-HllX Inc., Ke- York, p. 421-431). These Can be 
broadly classified into three major types. Malignant 
neoplasms airising from epithelial struct\ires are 
called carciikwas and constitute the vast majority of 
all malignant: tumors. Malignant 'neoplasms that 
originate from connective tissues such as muscle, 
cartilage, fat or bone are called sarcomas, and 
malignant ttaaorc affecting hematopoetic structures 
(structures pertaining to the formation of blood 
cells) including components of the immune system, are 
called leulcemias and lymphomas. A tumor is the 
neoplastic growth of the disease cancer. 
15 Neoplasia is a process by which the normal 

controlling :*echanisms that regulate cell growth and 
differentiation are impaired resulting in progressive 
growth. During neoplasia, .here is a characteristic 
failure to control cell turnover and growth. This 
20 lack of control causes a tu:nor to grow progre:.oively , 

enUrging and occupying spac^.s in vital areas of the 
body. If the tumor invades surrounding tissue and is 

_^ . cities the tumor will likely 

transported to dxstant sites, tne 

cause death o€ t*»e individual- 
25 one-tHlrd Of all individuals in the United States 

will develop .<»ncer (American Cancer Society Yearly 
outlook for . n.. f y--^ survival rat^ for 
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th«se pati«n^ has risen to nearly 50% as a result of 
progress and early diagnosis and therapy of the 
disease (American Cancer Society Yearly Outlook for 
1990) . However, cancer reaains second only to cardiec 
disease as a cause of death in this country (Aaerican 
Cancer Societ:y Yearly Outlook for 19901. Nearly 20% 
of all ABericans vho die this year will die of cancer 
(A»erican Cancer Society Yearly Outlook for 1990) . 
Half of these deaths will be due to the three most 
common types of cancer: lung, breast, and colon. 

Recent:ly there ha« been a rapid expansion of 
cancer treatments. Even though new treatments are 
being developed, the need still exists for inproved 
methods for the treatment of most types of cancers. 
15 The preferential killing of cancsr cells without 

deleterious effect on normal cells ic the desired goal 
in cancer therapy. In tho past this has been ac- 
coaplished using a variet^y of procedures. These 
procedures include the administration of chemicals, 
20 chemotherapy, radiation, radiotherapy, and surgery. 

Radiotherapy is a regional form ot treatment used 
for the control of localized cancers (See Devita, 
V.T., in Harrison's Principles of Tntemal nedicine , 
ed. Braunwald ^t al. . 1987, McGraw-Hill Inc., Nov 
York, p. 431-446). Radiotherapy relies on the fact 
that sone malignant diseases are more susceptible to 
damage by radiation. This difference in 



25 



ftPR-16-1996 10:21 FROM PlML INFO SERUICES 



TO 15Hd222975e H eiV 

C U J 1 0 



-4- 



susceptibility depends on noraal cells having a higher 
capacity for intercellular repair than neoplastic 
cells and t}ie ability of normal organs to continue to 
function veil if they are only seginentally danaged. 
S If surrounding tissue can tolerate tvice che radiation 

dose of a given vxxmor, then the t.^xi^o-^ is 
radiosensitive* On the other hand^ some tuaors cannot 
be treated ^vith radiotherapy. Cancer which 

extensively Involves both lixngs cannot bp l-reated 

10 effectively yi^ radiation therapy because of the 

greater radiosensitivity of the surrounding lung 
tissue (See Devlta, v.t, , in Harrison's P ;e^ jLncipleg> of 
Internal Kcdicine , ed- Braunwald et al. , 1987, McGraw- 
Hill Irtc-r Hev York, p. 431-446). 

15 A ©ore modem approach to the use of radiotherapy 

involves the use of chomioals as radi.osen«si t izers. 
Chemicals su<A as n-ethylxaaleimide or a synthesis 
blocker like buthionine sulfoxinine can render cells 
radio sensitive and hence more susceptible to killing 

20 by radiation. These chemicals are in the early phases 

of development are not yet commercially available 
(See Devita, V-T. , in Harrison's principle? of 
j ^^^^r^i K«aioiTte . ed. Braunwald «t^, 1987, McGraw- 
Hill inc-. New York, p. 431-446). 

25 Surgery is still considered the primary treatment 

for most early cancers (See Devita, v.t. , in 
Harrison's Pr1n<^7P3l^^ of Trterpa^ Medicine , ed. 
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xti^^ T-iC New YorX, p- 

Braunwali fft a*- » , new* 

However, .>»o« are cpe«.Xe .ut no. 

,„Uy re..«.Me. So.e tu-ors «... .ppe« r,».c...l. 

^ve ^ero..«...tie .t.-s. ou.side .u^r field. 

XHi. X..ds .o . recurrence of tne cancer close .o .he 
i„iti.V .ite Of occurrence. *«y. cancer sho-ln, a 
level of -etatastls cffe«iv«ly =.nno. cured 

t:Jvrough surgery* 

Ot».er types of localized therapy (ncsystenic) 
^.ve been e=cplored. These include local hypothermia 

photodyn..ic therapy (Chen, SX-^. S^^B.-^^^ 
ji=4«-435 -d interstitial radiation (Gutxn 

...so therapies have heen .et with l .^ited success. 

radiotherapy and sur,ery offers ways of reducing 

^r-\fic -eqions of the Dody tnat 
the t.u»or »ass m specifxc ^egio 

<^ai f^kchniaues or high 
„e accessible throu,h surgi<;al 

«-irh.r is applicable to the 
doses of radiotherapy. Neither is PP 

..struction-of widely disseminated or circulating 
.o^r cells Charac.,ristically pr«en. in ~st 
p,..ent» with cancer. Xhis is the stimulus of the 
..velop»ent of syste.ic treatments of cancer such as 

cheaiotfierapy. e-o^ic 

j_ ^ ^ «=r ration or toxic 

O^eBOtfterapy invoxvos Jin 

• »nv to a patient (Chabner, B.A. , 
compounds systemically to a p 
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;hil.CelphU. Sounder. (1982)). """^ 

grovin, .or. rapidly th.n nocal cells, toxic 
c„_P„«„d. «. ~r. ey«t»xic « c.lls undergoing r.pid 
division. 

Drug devlop-ent for cancer began with the 
accidental identification of the lymphocytic activity 
of .ustard gas used in world War I and III Nitrogen 
mustard, an antitu»or drug, is a derivative of mustard 
gas and was used to treatment lymphomas in the I940's 
(See Devita, V.T., in Harrison's Erill£iEies__fiI 
K.^tc:ine. ed. Braunwald 1987, Mccraw- 

Kill inc/new Yorlc, p. 431-4.6,. Most of the early 
patients treated with nitrogen muscarU had subsequont. 
relapses, this was followed by an overwhelming 
disappointment and sXepticism that cancer could be 
successfully treated with drugs. 

The ne^ drug investigated for antitumor activity 

P. -A-^ M ^ in Harrison's 
was Mthotrexate (See Devita, v.... 

riiii-lriT,-i— ■-'"'^ 

„87. „cGra«-Kiai.Inc.. »e« «r.. P- " 
„.^otr«vate. .n anti-ete^li-- va. tirst used 
successfully against acute childhood leuKenia. In 
so»e o£ the early cases -.ere .etnotre.ate vas used. 

.emission produced ^ '^^'^'^ per^nent. 

Hev co^nds are constantly being generated and 

selected .otn « rational drug design and random 

,0;«sses of antxturior 
• « There are six ma^or ^.lasses 
screening. xriere 
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drugs; aXKylacing agenda. .nri»etat>olit:.«, pl^nt 
alkaloids. antituBor antibiotics, endocrine agents, as 
well as soae niscellaneous drugs (Myers. C.E.. in 
^.r..Ar.l.. .nn Frnr.tig^ 9nP9l9qY > ^d ed., 
5 V.T. De vit:o fife^ (ed«.), Philadelphia. Lippincott. 

1985, pp« 290-^328) . 

The use of che»icals. ever though widespreed in 
u»e, h»S proved of ai»lt,ed e««=t:iven=«» in treating 
«,st c«.cer types. A major li»ltation of current 
Chemotherapy is that it is effective only against the 
.ost rapidly dividing tu»or cells. An additional 
dx-badc to th. uc. of cytotoxic agents for the 
treat«nt of cancer are their severe side effects. 

These include nausea, vonlting. CHS depression, 

localized pain, hone -arro- depression, bleeding. 

renal damage, hypo and hyperglycemia and 

hypersensitivity reactions. 

A »ore .odern approach to chemotherapy Is to 

ves. This his been accomplished experimentally hy 
linking the Chemother apeut I c agent to either antx- 
^ies or nontoxic molecules that h,vc a higher 

airected toxic therapies are still in an early 
Clinical Phase of development and .re not commercially 
available. 
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certain types of cancer, for example gliomas, 
which are the «0»t co»»on primary t:u»or arising in the 
hxman brain, defy the current modalities of treatment. 
Despite surgery, chemotherapy, and radiotherapy, 
glioblastoma, the most common of the gliomas i« al»o=.t 
univer^lly fatal (Schoenberg, B.S.. -The epidemiology 
of nervous sy8t«a tumors." in OJ^rn ^mY'Pf rT>e Hervpti? 

K.O. WalJcer, ed. Boston. MA, Martinus Ni^hof f 
Levin fit -Neoplasms of the Central 

Nervous System, V Chapter 46, pp. 1557-1611, in Sancetl 
p^^^^ipi,x. ;.nd rr— 1- oncology, vol. 2. 3rd ed. . 
De Vita ^t-al., eds., Philadelphia, Lippincotx Press 
(1989)). Therefore a need exists for the development 
of a technique that will selectively destroy glioma 
While sparing normal brain cells. In general, such 
treatment could potentially ^ used universally for 
the selective destruction of all types of neoplastic 
cells. 

ccppsitions and methods are provided for selec- 
tively billing neoplas.1. 

i„..c.in, neoplastic cells with an altered virus vhich 
is capawe of replication in neoplastic cells but 
.pares surrounding non-neoplasti= tissue, vpon vi.al 
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InXeccion^ the virus destroys infected cells, 
generally by oncolysis and/or itenogenization. 

&RIEF DESCRTPTTQN Of THE FTGURTr^ 

Figure 1 shows a graph of tiinor growth in rats* 
Nude aice were injected subcutaneous ly in the left 
buttock area with 3.2 x IC^ U87 cells- Those animals, 
haying tumors with diameters of approximately eight 
millimeters after five weeks were then randomly 
divided into two groups. One group of six animals was 
injected intraneoplast ic<illy with 5 x 10^ pfu of 
dl^tk in 25 microliters DME. The others received a 
siiDilar injection of 25 microliters DME alone. Tunior 
size was r^nit:ored via caliper measurement. After two 
weeks, the tumors were reinjerrt.pd with lo x lo^ pfu 
15 dlsptk in 50/il DME or with DME alone. 

Figxire 2 shows that at day 14 axKi day 26 after 
inoculation the Ul:>puk treated tumors were 
significantly smaller than the control tumors. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



lO 



20 The present invention is directed to compositions 

and methods for selectively killing neoplastic cells. 
In this manner, altered viru5iei> die provided which are 
capable of replication in neoplastic cells but not 
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noraal cells. The viral infection leads to destruc- 
tion of the neoplastic cells without causing systemic 
viral infection^ 

^ ir>*i«t;ed, the viru&es selectively kill 
neoplastic cellf; and the malignant and benign 
neoplastic cells • By -neoplastic cells" is intended 
rapidly dividing cells. For purposes of the inven- 
tion, neoplastic cells include cells of tumors, 
neoplasms, carcinomas, sarcomas, leukemias, lymphomas, 
ar^d the like. Of particular interest are nervous 
system tunoris* These include astrocytomas, oligo- 
dendrogliomas, •**^ningiomas, neurofibromas, epen- 
dymomas, Schvannomas, neurofibrosarcomas, glioblas- 
tomas, etc. 

Gliomas are the most coinmon primary tumors 
arising in the human brain. The raost malignant 
glioma, the glioblastoma, represents approximately 30% 
to 50% of all primary bxain tufjors and, despite 
surgery, chemotherapy, and radiotherapy, are almost 
universally fatal {Moore, Proor> Eyp> Tumor Res. 

2:411-439 {I960)). The mean survival is less than a 
year, and the fivA-y^ar <;urvival rate is ^nly 3% to 
5%. After treatment, reoccurrence of the disease 
often appears within 2 centimeters of the original 
site (Hochberg et al> , Neurol . 30:907-9lX (1980)). 
Metastases are extremely rare; neurological dys- 
function and death are due to local growth and cere- 
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bral invasion. Therefore, the possible efficacy of 
lOCttl <non-9ystcaic) treatments has been explored. A 
lew of these include studies of local hypothermia 
(Salo«n SSL^, J. NeMrv-vnC9U 1:225-236 (1983)), 
5 photpdynamic therapy (Cheng sS^^&l^' is^rq. ><W<?1- 

2ii423-435 (1986)). and interstitial radiation (Gutin 
y^.; , T- M^x^rosuroe rY 62:864-873 (1987)). To date, 
no therapeutic modality has made a substantial impact 
on. the o.itco»e of pationtc with malignant gliomas. 
10 Any virus capable of replication selectively in 

neoplastic cells may be utilized in the invention. 
Generally, the virus has been altered to render 
selective for replication in neoplastic cells. The 
virus may be altered by mutagenesis as well as genetic 

15 engineering techniques. 

m general, viru.e. are d.fin.d as infectious 
units comprising either RNA or DNA encloseo in a 
protective coat (See Hull, R. et_^, in vj^alasxi 
p^y^sr^ny y a^ ^ ^hicriona 
^..^^^.Sa^. »e« vor.. S«cK.on i.ss, . TH. 

nucleic acid contains information necessary for the 
„plica,:ion of the virus in a susceptible host cell- 

^ *.neirav p-oducing «n3:yne systens, no 
Viruses contain no cncrg/ p-oa.* j 

fu„«:ional riboso.es. and no cellular organelles. 
«.es. are supplied by the cell in which the viruses 
ari replicated. The cell nay ai.o supply — of 'he 



25 
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enzyaes necessary for viral replication, such as DKA 
or RNA polymerase and otner leplication factors . 

Methods for siucagfcr.esis are well known in rhe 
art. These include a -ariety of techniques, including 
cheaical autagimesis {Chu. c.T. €S__iL-., viiitXssiL 
aaii68 (19-79)5 My«s. R.M. £i_eLU, SfilfiDCS 223.''^^^ 
( 1985J ) , oligonucleotide-sediated autagenesis ( Zol ler , 
M,J. filL^/m (1934)). awJ the liXe. 

Alternatively, the vix^3 con t>* altered by 
insertion of foreign nucleic acids. In tr. is runner, 
proteins or factors necessary for viral replication 
are placed undjer the control of heterologous pronorerc 
and/or heterologous conr.rol elements such that the 
protein is expressed in neoplastic cells only. Tl.e 
heterclogous promoters and control elements for the 
»ost part are expressed selectively or a. a higher 
X.vel in neoplastic cell.- For example, the promoter 
Of a neoplastic .ene which is expressed only .n 
neoplastic cells »ay - utilized. Alternatively, 
promoter. fro« gene, -h.ch are expressed at higher 
levels in rapidly dividina cells, s-ich 
Xinase, polymerase genes, etc., na> 

Methods for the con.^ruct.on o. 

in the a-' Generally these include 
virusefi are Xnovn m the a. - 

V et al_ ^^.r._Cl.onin^.^^^a^srato^ 

SanbrooX «t — §J^' « 

, 2nd Ed cold spring Harbor Lab-r-tory Press 

' ^ ..e^e'-r virological. 

(1989) and the references cxted .he.e^n. 



flPR-16-1996 ie.:2S FROM M. INFO SERUICES TO P. lb 

2051289 

-13- 

considerations are also revi.vea in Coen D.M^ 
«ole=ular ««et.io3 of *ni»»I viru«. in virolow. 2=* 
Edition, B.H. Fields (editor, . Raven Press, NV (1590, 

- ..^ r-^ferences cited therein, 
pp. 123-150, and the references 

..^^^^fif-allv to herpes simplex virus 
5 References drawn specifically t^o » k 

1 (HSV-l) include: Geller e^^'. Sci^ 141'. 1667 
(1988); Celler s^^, ^ci. US^V 

1. T Kticl & fid Res. 16:5690 
52:1149 (1990); Geller, A.I., msl^-J^ 

(1988) ; Breakf xeld e^__aj^, qoa 

(1987); Shih in: -Id Sprin. 

Harbor Press. Cold Sprin. Harlx^r, (1985), PP. 177- 
,S0; Palella ^1^..^^^^.^ ^--> 

. ^ J Gen Virol. M:2261 (1983);, Smile 

jR liat^ 285:333 (1980); Mocarski et_al. <^ 

^:;;3, (1930); coen ^ ^^^^^^ 

taught t.e .e...c.o.., w..n ..in. heterol- 

i.he aene of interest is placed in the 
oaous promoters, the gene ot 

-^H resoect to the heterologous 
proper reading frame with respect 

. „or t^e heterolocjous promoter 

promoter. In this manner, the n 

<iirect. the transcription of the gene. 
20 directs „,,^^>s is capable of 

T>ai-t any virus whicn i& 
For the most part, any 

i.^tic cells, and which is capable of 
destroying neoplastic cei , 

juried for selective replica-^ion in 
^l.g modified ^^^^^ 

cells, c^n be u.xlized. 

— , r^f viruses which nave i/^"^ 
4«cludes a wide range of virus 
25 includes However, treatment with 

for the treatment of tutors. However, 



fiPR-l6-l996 10:25 FROM (WL INFO SERU ICES TO 15102229758 P. IV 



10 



15 



20 



25 



2051289 



-14- 



ti>iese viruses has not progressed because of the 
Urawbacks of using unaltered or wild type viruses. 

In the past, wild type viruses have been explored 
as a treatjnent for the tumors in both animals and in 
humans (Moore, A.E., Proor. Exp. Tumuf pes., j,: 4 11-43 9 
(I960); Austin, F.C. et a l^, ftd. in Cancer^ J»g£^ 
12:301-345 (1979)). The proposed therapeutic 

mechanisms include oncolysis, direct cell killing by 
the virus (Moorc, A.E., Pr^m: Fvp. TUTPor 1:411- 
439 (I960)), and xenogenization the production of new 
antigens on the tumor cell surface to facilitate an 
inmunolpgical rejection of the tumor (Austin, F.C. et 
ai^, M...ilM:ancejLE^ 20:301-345 (1979); Kobayashi, 
H. et_ai^, aa,,_irLCarice^^es^ 20:279-299 (1979)). 

There are several early references to the bene- 
ficial effects of viral infection on the progression 
of malignant diseases (Leva-diti, ^ np Tnst. Pasteup 
37:1-106 (1923)). Pegres:.ive changes have been noted 
in various .tumor types when the patients have either 
...n deliberately or accidentally infected with a 
virus. in 1912 regression was observed in a patient 
vith cervical carcinoma undergoing rabies treatment 
^or a dog bite. it woo then postulated that a rabies 
virus may have been the cause of tumor regression 

csouthom, CM., Tr^n..JL.v._A-a^^^i^ 

673 (19€P))- 
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Between 1950 and 1967 there were numerous reports 

that suggested Cfpae patients shoved regressive changes 

in their cancers when treated with viruses (Moore, 

A.E-^ Ann > Rev, Mimrob^QX ^ fi;393-410 (1954); Moore, 

PrQCrr> EXD, Tumor X-^^^--^^^ (I960)). In 

1956, the use ... of viruses to treat carcJLnoiDa of the 

cervix was reported (Smith et al, . Cancer 9:1211-1218 

(1956)). Use of the adeno virus resulted in the 

slowing of the tusior growth after oncolysis. However, 

no appreciable modification in the course of the 

disease was noted. In 1^65, the use uf Newcastle 

disease virus for the treatment of cervical carcinoma 

was attempted (Cassel, W.A* et al. . Cancer 18.:863-868 

(1965))* NDV ' was chosen because it has a very low 

degree of neurotardpism, the ability to inf«ct neural 

tissues. Direct inoculation of the virus into the 

carcinoma of the cervix resulted in extensive 

sloughing of tlie tumor and the shrinkage of the 

lymphnode metastasis. The use of NDV was deemed 

if 

hopeful due to the fact that this patient showed no 
evidence of a virus attacking the nerve tissues. In 
1^66, a r*eport of a clinical trial using viruses to 
treat other cancer was published (Webb, H-E, et al . . 
Lancet i: 1206-1209 (1966)- The viruses used in this 
study were L>ungat amd Kyaiicinur Fuxes>t ais>ease virus. 

More recent studies have been published concer- 
ning the use of viruses to treat cancers. In 1983, a 
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otudy va3 put>lishe. on the use of the Newcastle 
disease virus oncolysates in the ^nage»o„t of 3ta,e 
IX to »alig«..t .elano^a (Cassel, w.a. 
52:856-860 (1983)). Patients received subcutaneous 
infections of viral oncolysates over a three year 
Period. Even though these patient's were at an 
advanced stage of disease, stage ll, the results 
suggested an iiaprovement . The mortality rate of 6. 8 
and 12 percent in each of the 3 years respectively m 
the study group was considerably lower than that in 
the control group, viral replication is not noted in 
the study and the effects noted were probably due to 
the xenogenization of the entire tumor cells. 

Roenigle a^ (Roenigle, H.H. et al. . Arch. 
Pennatol . ^ JJi2:668-673 (1974)) report on the positive 
result of immunotherapy of malignant welanoaa with 
interlesional inoculations of vaccinia virus. Majc:- 
regression of the tumors were observed in 8 out of 8 
patients with stage II disease, in other studies with 
patients in stage ill disease, litt3<= or no regression 
was observed. Additionally, work utilizing vaccinia 
virus therapy demonstrating positive result have been 
published CBelisario, .T.C. et: al. . Aust. J. PerTn. 
6:113-118 (1961); Milton, G.V-. et al. . Aust. N.2. J. 
SHSav 11:286-290 (1966); Hunter-Craig, I. et al. . Br. 
J- 2::512-S15 (X970)). These have been performed 
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primarily in patients without; extensive tumor 
i nvolvement . 

Several anixaal models and animal tumors have also 
been utilized in the study of oncolysis by viruses in 
tissue culture and in whole animal systems (Koore, 
A.E., Ann - Pav- Microbiol . 8:393-410 (1954); Moore, 
A.E.. PT^- Tumor Res. 1:411-439' (I960)). At 

least nine viruses have been shown to be capable of 
causing tUmOr regression to some degree in o. variety 
of tumors in mice, rats, rabbits, and guinea pigs. 
However, a major drawbac)c of these early animal 
studies was systemic infection by the virus used to 
treat the tuatore. 

In contrast to prior studies, the present 
15 invention utilizes altered viruses. These altered 

viruses, for the most part, are not capable of 
replication in certain normal cells, thus reducing the 
threat of systemic infection. Now that the present 
inventian has demonstrated that viruses can be altered 
to selectively replicate in and kill neoplastic cells/ 
specifically by utilizing a mutant HSV-1 to kill 
glioma cells, the method can be utilized to alter 
other viruses such as those discussed at>ove. 

The use of viruses in tumor therapy is also 
beneficial, as the virus modifies the tumor cells so 
that they become more antigenic. See, for example, 
AraXi al^ fisnS £2:195-202 (1990) ; Talcle a l - Mol. 
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Biochem. Parafiit^9^ 12:57-64 (1989) ; and BurX al> 
yjTQlr £2r 649-654 (1988). This antigenic effect is 
accomplished by introducing new antigens on the 
surface of the tumor thus augmenting one's immxxne 
5 system in recognising the tumor as a foreign body. 

The introduction of new antigens to the surface of the 
tumor is referred to as xenogenization of tumors 
(Austin^ F-C. et al> . Ad, in Cancer Res. 30:301-345 
(1979); Kobayashi, H. et al, . Ad. in Cancer Res, 
10 30:279-299 (1979) ) • 

When txinors cells are infected with a virus, they 
generally express the viral antigen on the cell 
surface « When the virus used to infect the tuy.or 
cells are recognized as foreign to the hosts, then the 
15 virus infected tumor cells often undergo regression. 

Kobayashi (Kobayashi, H. et al . > J, Natl. Cancer Inst. 
12:413-419 (1969)) attempted to promote the tumor 
rejection in rats with tumors by establishing a viral 
Infection of the host with murine leukemia viruses 
20 such as Friend virus or Gross virus. These viruses 

were believed to produce surfacing antigens on host 
cells. Success was noted in the immunological 
x-egreceion of these rat tumors- Several other jrep<^r^e^ 
have been noted with viral induced regression of 
25 transplanted tumors in rats (Holtermann, D.A. et a^ . > 

Transplantation JLX: 20-29 (1971); Barbleri, D., et al,. 



16-1996 10-27 FROn PML INFO SERUICES 



TO 15102229753 

2051289 



-19- 



Tnt. J. Cancer 7; 364-371 (1971); Greenberger, J.S- et 
al. . .T. »M. can cer Tnst. 51:1935-1938 (1973)). 

Successful tuxnor regression in systeros other rats 
have been noted. In 1971, it was reported that the 
lethal growth of nouse tumors was decreased by 46 to 
77 perceii^ when the tumor cells were infected with 
Rauscher leukemia virus (Barbieri, D. fit al« > Xn t» J- 
SanSSE 2:3^4-371 (1971)). Holterman and Majde 
Holtermann, D.A. et al. . Transplantation 11:20-29 
(1971) reported that the lethal growth of a adcno 
carcinoma in SWR/J mice was decreased 50 percent, if 
the tumor cells were first infected with the LCM 
vims. 

Another study alco reported the decrease in the 
lethal growth of tumors following the infection with 
the HVJ virus was noted in the Hamster model system 
(Yamada, T. et al.. ^ ^.s.i-css (1972)). 
However, viral growth in the host limited the 
effectiveness and continuation of this potential 

therapy. 

Virus may »l=o »~ ^° ^"^""^ "^'^ 

tuinor cells which can alter cell growth 
Characteristics or modulate cell growth. An e>.a»ple 
of this is tJ>e insertion o£ a tumor uoppr-s.or gone a. 
has been shown for the Rb gene in retinoblastoma or 
osteo gene s«co»a (Huang H-JS et^. Suppression of 
the neoplastic phenotype by replacement if the Kb gene 
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in human cancer cells in science 242: 1563-1566 
(1988)) or tJie p53 gene in colon cancer (Baker et al.y 
Suppression of human colorectal carcinoma cell growth 
by wild-type p53 in science 246:912-915 1980)). In 
5 addition « other suppressor or modulating genes may be 

used. 

Attempts have been made to modify viruses 
naturally to maXe them more capable of infecting tumor 
cells (Moore, A.E. , Ann. N.Y. Acad. Sci. 54*.945-952 
10 (1952); SouCham, C. ct al. . virology 5:395-400 (1958); 

Cassel, W.A., can. Res. 17:618-622 (1957)). This has 
been accomplished through serial passages of the 
viruses through tumor lines in vitro. In most cases 
where an increase in tumor specificity has been iioted 
a reversion bac)c to the wild type viral infection 
spectrum was noted after serial passage of virus bacX 
into the host organism. It would be more desirable to 
control specificity in a more reliable fashion than to 
randomly select for specificity through passaging. 

The present- viruses, altered by genetic engi- 
neering techniques or mutation, are targeted to 
specific cell types. This targeting may be able to be 
performed by a variety of techniques. 

Tumor specific control elenenCii can be introaxiced 
25 into the virus genome to control the expression of any 

one or more of the viral genes necessary for viral 
replication. In doing so the virus would only be able 
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to replicate in cells in which the tuaor specific 
control element was expressed. This would eliminate 
the potentiality of inducing a systemic viral infec- 
tion in the host when these viruses are used for 
S cancer txeatsiextt. 

As an alternative to txomor specific control 
eleaents, specific mutations can be introduced into 
the virus genome such that the virus would fee unable 
to replicate in cells unless the cell provided a 
10 coiaplementary enzyaatic functions. This would lead to 

a directed infection of the tuioor cells only. 

After a particular virus has been chosen, it can 
be tested |n vitro for the ability to replicate and 
suppress or destroy growth of neoplastic cells. The 
15 virus is thus altered by mutation or genetic engi- 

neering techniques such that the virus will replicate 
and cause oncolysis and/or xenogenization and/or cell 
growth modulation in tumor cells while being unable to 
replicate in normal cells. The virus is then used to 
establish localized infection within neoplastic cells 

of a patient. 

TO effect viral infection, the virus is typically 
injected into the host at or near the site of neoplas- 
tic growth although systenic inoculation may also be 
feasible if cell-specific viruses are used. 
Generally, the virus is. provided for injection in a 
concentration in the range of about 10^ to about 10^° 
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piaque fonaing iini^s (PFU) generally iabont 5x10"* PFUs 
to about IXlO^ PFU, aor^ generally about 1x10^ PFU to 
about 4x10^ PFU although ranges ©ay vary. 

The following experiments are offered by way of 
5 illustration and not by way of 1 imitation • 

Glioblastomas are the most cominon form of malig- 
nant brain tumors in man, and are almost always 
universally fatal (Schoenberg, ••The epidemiology 

10 of nervous systeoa tumors /** in Oncology of the Nervous 

System , M.D. Walker, ed, , Boston, MA, Martinus Nijhoff 
(1983); Levin et a 1 . . '•Neoplasms of the Central 
Nervous System," Chapter 46, pp. 1557-1611, in Cancer: 
Principles an<i Practice of Oncology, vol. 2, 3rd ed., 

15 De Vita et al> ^ eds*, Philadelphia, Lippincott Press 

(1989))- Human malignant glioma cells are a class of 
rapidly dividing tumor cell population which express 
enzymes associated with DNA replication- One of these 
is the enzyme thymidine kinase. The surroundin.7 

20 normal brain is mostly composed of non-dividing cells, 

such as neurons and normal giln. These cells express- 
enzymes involved in DNA replication at a minimal 
level. The present invention is directed to take 
aav<intage of this phenomenon. A virus, such as Herpes 

25 simplex virus 1 is mutated in one of the viral genes. 
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such as the enzyne thymidine kinase. This mutant 
virus is used to treat the tumor. This is 
accomplished by the virus's ability to replicate 
within the inalignant glioma cells using the tumor 
c«ll'« endogenous thymidine kinase activity « to 
complement the mutation. This leads to the lysis of 
the tumor cell. In contrast, normal ^rain cells, 
which are non-dividing are relatively non-permissive 
for lytic infection by some mutant viruses and ar© 
spared from viral lysis. (Jamieson AT, ^. Gen. Virol. 
ai:465 (1974). 

The possibility or using a mutant virus to treat 
hiinan cancer was explored using the virus dlsptK (Coen 
£t_al^, Py>n^. Natl. Acad. Sci. USA M:4736 (1989)). 
This particular, mutant was chosen among several 
possible thymidine kinase xautants of HSVl because it 
has no detectable thymidine kinase activity and 
because it has a large deleted segment. This large 
deletion makes this virus unable to spontaneously 
revert to wild-type virus. A third advantage is that 
the deletion lies 'outside the HSV UI,24 gene, which 
overlaps the thymidine kinase gene and thus dlsptk 
should not be selective for UL24 function. Reported 
herein are the results of testing dlsptk virus versus 
five different human gliomas: two in long-term 
culture and three in short-tern culture. Als^o is 
reported the results of inoculating dlsptk 
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intercranially into rodents and of the 
intraneoplastic inoculation of human gliomas grown in 
two different anatoaical locations in nude mice with 
dlsptk. 

The hiiaan glioma lines U87 and T98G cells were 
^^^i**^ frpa ithe American Tissue Cell Collection 
(ATCC) , Camden, NJ. Three primairy hujzuin malignant: 
glioBa cultures were st:arted from explants obtained 
from surgical specimens at the Massachusetts General 
Hospital. Vt?ro (African green monkey kidney) cells 
were obtained from the ATCC. All cell cultures were 
grovn on plastic tissue culture dishes in 5% CO2 at 
37«C using Delbeco's modified Eaglets medium sup- 
plemented with lOi fetal bovine serum and antibiotics 

Viruses vere grovn and tittered on Vero cells as 
previously described and are recorded as plaque 
forming units (PFU) per specified volurofe. 
Susceptibility to foscarnet and vidarabine vere 
assayed by plague*reduction to demonstrate that disptk 
retained consitivity to these drugs which have been 
used in patients to treat serious HSV infection. 

All animal studies were done in accordance vith 
guidelines for animal care es defined by both the 
National Institute of Health and by the Massachusetts 
General Hospital Subcommittee on Animal Care. Rats 
(CDF Fisher male; lSO-175 grams) vere obtained from 
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^ ™ice were obi:ained from the 
Charles River; . nude mice wer ^ 

the Massachusetts 
breeding colonies at the „^„„iate 
Ho.oit.l E.* ---^ appropriate 

Hospital. E. ^^^^^ pr^eaures 

for their cwe. All 

involving viru^ "^^"^^ 
viro»ent.l satety Co».ittee. 

.OS is a st^^ear. la—- - 
„sv.-.lspt. -as .onstru.te. .s .escri^ V 

of the glioaa 

the example <iiscussea. the sensitivity 

*.o^ted for infect-aon fo- 
oell lines were tested f ,„„.crahial 

alsptX. X„ a-^*i- ..nally. 

vos and dlsptk was assayea. 
inoculatxon of KOS and P .^^lanted i» three 

, ^>-ot:k on tumors iinpiai^^^ 
effects o£ «sptK ^^^^^^^ 

ei«erent positions or . o 

x„ cell culture, either «iia type 

-^me kinase negative ..utant (dlsptx) 
the thy»ia«e >ci ,„£«ctlon (»oi) ran9ing 

^pplie. to .ultiplicx-es ^^^^^ 

^« iO^ to 087 cell- ana 
fron lO to lo cells showing 

^l^e nuinher oi 
both cell tyl«=' rtirectlY related to 

w »€fert at 24 OO"'^^ "^^"^ 
c^opathic eHect ^^^^^^ ^^^^ 

.ultiplicity ot inrect ^.^^^ 

-4 as* at MOI=io. A. ^ 
^1,10 to ,,„p3thic effect and cell 

^. the extent ot cvtw^ 

application, the ^rearer 

^ the U87 ceils ^as «h 
,5 detach,«nt in th ells at equal «OI . By 

than that seen .^vtopathic effect was 

five aays foUovin, infection. =y- P 



APR-16-1996 10:30 FROM PIML INFO SERUICES 



TO 



15102229758 P. 29 
<^ V U -L C U J 



10C% tOT bot:h viruses in both cell types at all 
MOI>10'^; by nine days 100% cytopathic effect was 
evident even for the plate inoculated with dlsptX at 
an This suggested that even at a very low 

5 inocultim (an MOI of 10~^ is equivalent to 10 

pfu/culture plate) , dlsptk was able to sustain a 
spreading infection and to destroy the entire 
monolayer of U87 cells in S days* 

In order to deterrrjine if dlsptk would lyse a 

10 different human gliona line in cell culture, T93G and 

Vero cells were inoculated with dlsptk at an >!OI=10- 
Both viruses produced complete cell destruction of 
each line within several days. 

Since both U87 and T9SG are long terin xines of 

15 human gliomad, the effect of HSVl-dlsptk was deter- 

mined on primary human gliomas. Monolayer cell 
cultures were derived by explanation from three 
primary glioma speci*neni. obtained at surgery and 
studied at the second passage. Following application 

20 of dlsptk at KOI=10 or MOI = l, all 3 prinary gliomas 

demonstrated cytopathic effect in a dose dependent 
fashion. By fou^ Ucayi>, 100% cell destruction was 
evident in all 3 cultures at both MOI tested. 

In order to establish the safety of intracerebral 

25 inoculation of dlsptk, 13 r^ale Fischer rats (iS0-175gj 

stereot^ntically inoculated in the right frontal lobe 
with 2x10^ pfu HSV -dlsptk in 2 m1 OWE ^nd 12 rats with 
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1X10* HSV-dlsptk in 4.8 ^1 DME. Two of th© 2x10^ pfu 
group died at the time of anesthesia and surgery. All 
remaining animals were followed ^-r at least one month 
following inoculation. There were no deaths or 
5 neurologic dysfunction in either group. The 2x10^ pfu 

group were allowed to live an additional month before 
sacrifice. At two months, all were healthy and showed 
no evidence of neurologic dysfunction nor cataracts. 
This is in contrast to prior studies by Chiocca et aX,. 
10 showing that a similar dose of the wild type virus 

(KOS, 2X10 pfu) Xilled 718 rats within two weeKs after 
intracraxiial inoculation. 

To test the effects of HSV-dlsptk on U87 tumors 
in vivo , a group of 17 nude nice were injected sub- 
15 cutaneously in the left buttock area with 3.2x10^ U87 

calls. Growing tumors were evident at approximately 
5 weeks. 12 animals hid tumors with diameters of 
greater than 8 mm. These were randomly divided into 
two groups. Using a bev«l tip Hamilton syringe, one 
20 group of 6 animals received an intra neoplastic 

inoculation of 5x10^ pfu HSVl-dlsptJc in 25;xl DME. The 
control group of 7 received a similar inoculation of 
DME alono. After two weeks the tumors were reinjected 
with twice the dose. The tumors receiving injections 
25 of dlsptX were significantly smaller than the controls 

after 2 and 4 w«cks of Tnessurement (Figure 1) . 
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The effectiveness cf dlsptk was also tested at a 
second location. Nine nude mice wer© inoculated in 
the subrenal capsule with U87 cells using the fibrin 
clcrfc technique previously described. After 2 weeks, 
tumor sizes were measured with an ocular nicrometer 
and found to be 1 to 2 nm in diameter. Half the 
animals were inoculated intraneoplastically with 1 ttl 
DME and the other half were inoculated 
intraneoplastically with imIDME containing 2.lxlO^ pfu 
KSV-dlsptk. Figure 2 shows that at reexploration at 
day 14 and day 26 after inoculation, the dlsptk 
•treated tumors were significantly smaller than the 
controls. 

Modifications of the above-described modes for 
carrying out the invention that are obvious to persons 
of sKill in joedicin«, immunology, hybridoma tech- 
nology, pharmacology, and/or related fields are 
intended to be within the scope of the following 
claims. 

All pxiblications and patent applications men- 
tioned in this specification are indicative of the 
level of skill of tnose skilled in the art to which 
this invention pertains. All publicotionc and i>Atent 
applications are herein incorporated by reference to 
the same extent as if each individual publication or 
patent application was specifically and Individually 
indicated to be incorporated by reference. 
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Al'thougb tUie foregoing invention bds been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be obvious that certain changes and modifications 
S may be practiced within the scope of the appended 

claims • 
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CIATMS: 

1. A method for selectively killing neoplastic 
cells, said method comprising: 

infecting said call?; with an altered virus 
5 vherein said virus is capable of replication in 

neoplastic cells but not in normal cells. 

2* The method of claim 1, wherein said neoplas- 
tic cellg comprise cells of nervous system tumors. 



3. The method of claim 2, wherein said tumors 
10 are selected from the group consisting of astrocytoma, 

oligodendroglioma, meningioma, neurofibroma, glio- 
blastoma, epexKiymoma , schwannoma and neurofibrosar- 
coma . 

4. The method of claim 3, wherein said tumors 
15 are glioblastomas.^ 

5. The method of claim 1, wherein said virus is 
a herpes virus. 

6. The method of claim 5, wherein said herpes 
virus is HSV-l-dlsptk. 
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7. The method of claim 1, wherein said altered 
virus is a mutated virus - 

8. The method of claim l , wherein said mutated 
virus comprises a mutated thymidine kinase gene. 

9. The method of claim. 1, wherein said altered 
virus comprises heterologous promoters wherein said 
heterologous promoters are used to express proteins 
Tjecessaxry for- viral replication. 

10. The method of claim 9, wherein said heterol- 
ogous promoters are selectively capable of expreeeion 
in neoplastic cells. 

11. The meth<5d of claim 1. wherein said altered 
virus selectively kills said neoplastic cells by 
oncolysis. 



The method of claim i, wherein said altered 



15 12- 
virus se 
xenogen i zation 



lectively kills said neoplastic cells by 



13. The method of claim 1, wherein said altered 
virus expresses tumor suppressor genes. 
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14. A method for destroying glioblastoma cells, 

said method coaprising: 

infecting said cells with an al^«rGd herpes 
simplex 1 virus wherein said virus is capable of 
5 replication in neoplastic cells but nQt in normal 

cells.. 

15. The method of claim 14, wherein said altered 
virus is a mutated, virus. 

16. The method of claim 14, wherein said altered 
.0 virus is a thymidine Kinase mutant. 

17. Th« mAthod of claim 16. wherein said mutant 
is HSV-l-dlsptJc. 

18. The method of claim 14, wh«rein said altered 
Virus comprises heterologous promoters wherein said 

iS heterologous promoters are used to express proteins 

necessary for viral replication. 

19. The method of claim 18, wherein said 
heterologous promoters are selectively capable of 
expression in neoplastic cello. 
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Virus selectively KiUs said neoplastic cells 
oncolysis. 

... ™e -e«.o. Of clai. 1.. "-"t^ir^cel":"^:' 
. vills said neoplastic cexis «y 

virus colectiively Kills 

xenogenization . 

... use o. an al.e.e. vir.s .c. s^le..^^^^^^^ 

Of replication, in --^^-^^;^^^;f ^^^^ ...refer, 
cells; or for me preparation of a me 

or alt:or«d herpes simplex 1 virus 
23. The use of alter ^^.^ ^i^^s is 

for destroying glioblastoma cexxs. 

but not in 

capable of replication in -°'>^^°"; , ^edicanent 

nor^l =«11=' « preparation 

therefor. 
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FIGURE 1 
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